INTRODUCTION
The pollution of wastewater and surface water by toxic ions and textile dyes has become a severe environmental problem. There are already some excellent adsorbents like zeolites, layered double hydroxides (LDH) for cations and anions respectively, but sorbents with simultaneous uptake abilities for both cations and anions are preferable for practical applications. Fe and Al hydroxides and oxides are well known to show high uptake abilities for anions and cations because of their amphoteric property. El-Sharkawy et al. (2000) prepared Fe 2 O 3 -Al 2 O 3 compounds by coprecipitation and examined their catalytic activity, reporting that the texture, acidic properties and catalytic activitiy depended on the thermal treatment and Fe 2 O 3 /Al 2 O 3 ratios of the compounds. Michel et al. (1951) prepared Al-substituted maghemits by oxidation of magnetite. They observed that the temperature in which the transformation to hematite takes place is increased from approximately 300C for the Al-free maghemite to 760C for a highly substituted sample. The conclusion was that the addition of a foreign cation stabilizes the defective maghemite structure. Wolska & Schwertmann, 1989 also studied Al-maghemites prepared by thermal treatments of coprecipitated Al-Fe hydroxides. The cell parameter was observed to decrease from 0.834 nm to 0.831 nm for the sample with 10 mole% Al. Higher substitution caused no further decrease leading to the conclusion that the solubility limit of Al in Fe 2 O 3 is close to 10 mole%. Another study of aluminium substituted maghemites was published by Filho et al. (1992) . Four samples containing between 0 and 11mole% Al were prepared by oxidation of Almaghemites at 250C in air. The cell parameter decreased from 0.8337 nm (0 mole% Al) to 0.8292 nm (11 mole% Al). Li et al. (2007) system on the removal of toxic ions and dyes from water by these compounds. Moreover iron oxide phases have good magnetic properties, suggesting the possibility of combining their adsorption properties with the magnetic separation of harmful components from a polluted system by applying a simple magnetic field. This could replace the common technology of filtration and centrifuge separation, and after magnetic separation, the harmful components could be easily removed from the magnetic particles that could then be reused.
The present investigation was carried on the effect of synthesis procedure, component ratio and thermal treatment conditions on the phase composition and structure, where the samples were prepared by CP and GE methods. The samples prepared were also studied for adsorption of toxic ions and photocatalytic activity in the decomposition of methylene blue: these parts are described in other papers (Gulshan et al.,2009; Gulshan et al.,2010) .
EXPERIMENTAL
Synthesis procedures of Fe 2 O 3 -Al 2 O 3 compound by coprecipitation method and gel evaporation method are described in detail in the reference papers (Gulshan et al., 2009; Gulshan & Okada, 2013) . Coprecipitated gels were prepared with various ratios of 0.2 M Fe(NO 3 ) 3 ⋅9H 2 O and Al(NO 3 ) 3 ⋅9H 2 O solutions using conc. NH 4 OH (25 mass%) as the precipitant. Samples containing 0, 20, 40, 60, 80 and 100 mol% Fe 2 O 3 were prepared. For gel evaporation method, the starting materials (ferric nitrate Fe(NO 3 ) 3 ⋅9H 2 O) and aluminium nitrate (Al(NO 3 ) 3 ⋅9H 2 O) were dissolved in ethylene glycol at a molar ratio of (total metal nitrates):(ethylene glycol)=1:3 with the addition of a minimum volume of water to dissolve the nitrates. Samples containing 0, 20, 40, 60, 70, 80, 90, 95 and 100 mol% Fe 2 O 3 were prepared.
After drying, the powders were dry-ground in a planetary ball mill (LAPO-1, Ito Seisakusho Ltd., Japan) using a Si 3 N 4 pot with 30 Si 3 N 4 balls (5 mmφ) at 300 rpm for 3 hours with a ball: sample mass ratio of 30:1. After grinding, the samples were calcined at 300 o -1000 o C in air for 5 hours at a heating rate of 10 o C/min.
Characterization of samples
The crystalline phases in the samples were determined by XRD (XRD-6100, Shimadzu) using monochromated Cu Kα radiation. The lattice parameters of the resulting crystalline phases were calculated by a least-squares method using Si powder as the internal standard. The magnetic properties were examined using vibrating sample magnetization (VSM) equipment (BHV-50H, Riken Electronics).
RESULTS AND DISCUSSION
The SEM pictures of the 40 mol% Fe 2 O 3 GE and CP samples calcined at 500 o C are shown in Figure 1 . The GE sample was much smaller in particle size than the CP sample. 
Phases formed by CP and GE method
After calcination at 300-1000 o C, the crystalline phases in the calcined samples were identified from the X-ray diffraction patterns using the relevant ICDD data to investigate the structural changes caused by the thermal treatment and by changing the Fe/(Fe+Al) molar ratio. The phases formed at different compositions and heating temperatures are shown in field maps in previous papers (Gulshan et al., 2009; Gulshan & Okada, 2013 For GE samples, the lattice parameters of the Fe-rich samples (Table 2 ) decreased with decreasing Fe 2 O 3 content up to 40 mol% Fe 2 O 3 in samples heated at ≤800 o C. The amount of Al 2 O 3 estimated from the resulting lattice parameters was about 20 mol% in these samples. By contrast, the lattice parameters of the samples heated at 1000 o C decreased in samples containing up to 90 mol% but became constant in the samples containing ≤90 mol% Fe 2 O 3 . The limit of Al 2 O 3 incorporation in these samples is found to be ≤10 mol%, in fair agreement with Pownceby et al. (2003) . Thus, the resulting data observed at ≤800 o C appear to correspond to a transient state that attains equilibrium on heating at ≥1000 o C.
The lattice parameters determined for Al-rich samples suggest that 10-20 mol% of Fe 2 O 3 is incorporated in the γ-Al 2 O 3 and α-Al 2 O 3 phases. On the other hand, all the CP samples showed very weak saturation magnetization, <1 emu/g. The samples containing α-Fe 2 O 3 solid solutions showed very weak hysteresis loops in the magnetization curves corresponding to the antiferromagnetic property of α-Fe 2 O 3 and the magnetization was insufficient to attract these powders to a domestic magnet. All these differences indicate that the synthesis procedure significantly affects the phase formation at different calcination temperatures.
